Ⅰ. Introduction
In this work we investigate the dynamic relationships of Korean exports to global GDP and to the Korean won exchange rate by allowing endogenous regime changes. It has been documented that the long-run relationship between world trade and world income, as measured by the income elasticity of trade, has weakened since the global financial crisis (Constantinescu et al., 2015) . In addition, it is also argued that the short-run relationship between world trade and world income is cyclical while their long-run relationship remains stable over time (Borin et al., 2017) . These recent findings motivate us to question whether the relationship between Korea's exports and global GDP also have a cyclical pattern of differing in booms and in recessions. Considering the details of the discussion mentioned above, it seems like a good time to examine whether the relationship between Korea's exports and world income has changed.
Since the global financial crisis there has been a growing number of studies examining the relationship between trade and global GDP so as to better understand whether this relationship has weakened. Many of them have analyzed the long-run and short-run relationships between them using error correction models. One of the challenges in investigating this relationship is that changes in trade regimes such as its expansions and contractions have to be incorporated. According to recent studies, the income elasticities of trade are significantly different in expansions than they are in contractions (Bussiére et al., 2013; Borin et al., 2017; Ollivaud & Schwellnus, 2015) . An additional challenge is that it is hard to define the changes in regime between trade expansions and contractions based simply on some exogenous measures, ignoring that the regimes could be determined endogenously. However, there have been no empirical studies that have taken both of these two challenges into account together. We therefore investigate the dynamic relationship between exports and its fundamental determining factors (global GDP and exchange rates) by incorporating the two distinct features of endogenous regime shifting and co-integration between trade and its related factors into a Smooth Transition Autoregressive Vector Error Correction model (hereafter STAR-VECM) framework. The STAR-VECM methodology allows us to determine the boom-and-bust cycles of exports by the endogenous characteristics of the individual variables, unlike in previous studies that determine the trading cycles through ad hoc defined characteristics related to GDP. Another important advantage of using the STAR-VECM model is that it enables us to capture any asymmetry in effects across the exports' regimes.
Based on theoretical grounds, we select real global GDP and the real effective exchange rate as the fundamental factors affecting Korean exports. The results of STAR-VECM estimation reveal that Korean exports exhibit significant non-linear movements in line with the changes in regime, and that the above-mentioned fundamental factors affecting them are co-integrated with them. A look at the cumulative net effects reveals that changes in the fundamental factors Granger-cause changes in exports, and that the effects of these fundamental factors are asymmetric across the different regimes. Specifically, the positive effects of global GDP on exports are intensified under the expansionary regime. We find further that the movements of exports are longer lasting (or have a momentum property) in their expansionary regimes.
The remainder of this paper is organized as follows. Section 2 reviews the literature, and Section 3 introduces the empirical model and data.
Section 4 presents the STAR-VECM estimation results, and our interpretations of them. Section 5 further studies the dynamic momentum effects of Korean exports. Section 6 then concludes. Most previous studies find that the long-run relationship between trade and its determinants varies depending upon the period, implying that it is critical to consider the dynamic movement of the relationship across the booms and recessions. Irwin (2002) investigates the long-run elasticity of world trade with respect to world GDP for the 1870-2000 period using auto-regressive distributed lag regression, and finds that the elasticity estimates increase after 1950, suggesting that trade grew more rapidly than income, and particularly after 1950. Escaith et al. (2010) However, more recent studies argue that the short-run elasticities could decrease in recessions and increase in booms, while the long-run elasticities remain stable. Ollivaud and Schwellnus (2015) show that the long-run income elasticity of world trade has not declined much since the global financial crisis, while the short-run elasticity has fallen below its long-run trend. They also argue that cyclical movements have appeared in the past as well, with the short-run elasticity declining to below the long-run elasticity during recessions. In addition, Borin et al. (2017) that the income elasticity of trade is cyclical due to the high volatility and pro-cyclicality of trade flows, which implies that the short-run elasticity is below its long-run trend when the rate of real GDP growth is below its long-run trend. They suggest, therefore, that the forecast error on trade could be magnified when GDP growth is less than expected. These recent studies reveal a necessity for distinguishing the relationships between trade and its fundamental factors in booms from those in recessions.
As for the evidence from Korea, many empirical studies explored the 3) Empirical studies with Korean data (Lee & Yi (2005) ) estimate the trade elasticities by sector or product category, with an emphasis on the differences in trade structures and in the responsiveness to income and relative prices by sector. Cardarelli and Rebucci (2007) point out that aggregate data analysis might yield biased results due to not considering the differences across sectors. Analysis using sectoral level trade data could therefore provide complementary information, enabling a better understanding of the mechanism behind the aggregate data analysis results. We leave sectoral level data analysis to future research. Therefore, in the empirical analysis we fully take into account non-linearity, co-integration and regime changes.
Do Korean Exports
In a linear time series, this type of behavior is captured by a linear vector error-correction model (VECM) (Engle and Granger, 1987) . 6) Escribano and Mira (2002) extend the linear VECM to a general nonlinear VECM by employing the Near Epoch Dependence (NED) concept suggested by Gallant and White (1988) and Wooldridge and White (1988) . Particularly, they reveal that the nonlinear VECM can be theoretically structured by integrating a smooth transition autoregressive model (STARM), among numerous potential nonlinear parameterizations. 7)
In our preliminary tests we find robust evidence favoring a smooth transition dynamics model over a linear VECM, using nonlinearity tests.
We therefore incorporate nonlinearity into the VECM, following recent advances in nonlinear models. We integrate a smooth transition 4) For exports (   ), there are two endogenous variables-real global GDP (   ) and the real effective exchange rate (   ). The results of the preliminary test for co-integration is reported in the next section.
5) There are two kinds of nonlinear regime-switching models based on the speed of transition between states: the threshold autoregressive model (TARM) by Tsay (1989) , and the smooth transition autoregressive model (STARM) by Luukkonen et al. (1988) , Teräsvirta and Anderson (1992) , and Teräsvirta (1994) . The STARM allows a smooth transition between states while the TARM assumes a sudden change between states with a discrete jump. 6) See also Johansen (1995) and Hatanaka (1996) . 7) For the detailed proof, refer to Section 5 in Escribano and Mira (2002) . In the following, we explain the specifications of the STAR-VECM based on exports. For the three integrated variables of the log of exports    , the log of real global GDP    , and the log of the real effective exchange rate    , a general form of the smooth transition vector error-correction model (STAR-VECM) is as follows:
where    is the log difference (or growth rate) of real exports,    the log difference (or growth rate) of the aggregated real GDP of OECD countries,    the real effective exchange rate of the Korean Won, Granger and Swanson (1996) . Also, for an early empirical example of nonlinear error-correcting mechanisms, refer to Escribano (1987) , and Escribano and Pfann (1998 correction model (ESTAR-VECM). The LSTAR-VECM is more appropriate to describe a stochastic process that is featured by an alternative set of dynamics of either the small or the large value of the transition function.
In the LSTAR-VECM, the transition function is defined by the logistic function as follows: 9)
In contrast, the ESTAR-VECM is more appropriate for generating another dynamic of both large and small magnitudes of the transition variable. In the ESTAR-VECM the transition function is given by: 10) 
Data
We employ quarterly data retrieved from various public data archives. Ⅳ. Estimation Results
Preliminary Tests: Co-integration and Benchmark Linear VECM Estimations
In this section we present the estimation results of the co-integration relations, after which the linear vector error correction model (VECM) estimation results are provided. These empirical results are the benchmarks for our nonlinear STAR-VECM estimation in the next section.
The co-integration relationship between the log of real exports (   ), the log of real global GDP (   ), and the real effective exchange rate of the Korean Won (   ) is specified as follows:
The results of co-integration estimation are reported in Table 2 , which shows significant co-integration relationships. The long-run linear relationship between exports and global GDP is found to be significant and positive, consistent with the theoretical expectation. The long-run relationship between exports and the real effective exchange rate is negative, indicating that an appreciation of the Korean Won raises the relative price of Korean exports and thus causes them to decline. In sum, the long-run relationships between exports and the fundamental factors affecting it are estimated to be significant and consistent with theoretical expectations.
Table 2. Co-integration Equations of Korean Exports
This table shows the estimation result of equation (3) where    is the log of real exports,    the log of the aggregate real GDP of OECD countries, and    the real effective exchange rate of the Korean Won.
Notes: The values in parentheses below the regression coefficients are the heteroskedasticity robust t-statistics; SER is the standard error of regression, and LLV the log likelihood value. *, **, and *** represent significant at 10%, 5%, and 1% level, respectively.
In the following our linear vector error correction model (VECM)
estimation results are summarized. By following standard VECM specifications, the export VECM estimation is specified in equation (4):
where    is the log difference (or growth rate) of real exports,    the log difference (or growth rate) of real global GDP, and    the log difference (or growth rate) of real effective exchange rate of the Korean Won.
The results of estimation of our linear VECM in Granger cause) exports. In addition, the error correction term (    ) in the estimation has a negative and significant coefficient, indicating that exports have a dynamic tendency to recover their dynamic equilibrium, long-run relationship state. (4) where    is the log difference (or growth rate) of real exports,    the log difference (or growth rate) of real global GDP, and    the log difference of real effective exchange rate of the Korean Won. Notes: The values in parentheses below the regression coefficients are the heteroskedasticity robust t-statistics; SER is the standard error of regression, and LLV the log likelihood value. *, **, and *** represent significant at 10%, 5%, and 1% level, respectively. The full results for all parameter estimates are not presented due to space limitations, but are available upon request.
STAR-VECM Estimation Results
In each estimation the model selection between ESTAR and LSTAR is decided based on the procedure of Teräsvirta and Anderson (1992) , and the LSTAR model has been chosen under 10% significance level in every STAR estimation. 12) First we present the results for all parameters of the Korean export STAR-VECM estimation, in Table 4 . 13) It should be noted that the significance of the -parameter is crucial in estimating the STAR model, because it is evidence of the validity of the STAR model specification compared to the other regime-switching models such as the Markow switching model. 14) We see that the value of the -parameter, representing the speed of regime shifting, is positive and significant at the 5% level with 4.3178 for real exports. The value of the -parameter shows that the growth of Korean exports undergoes a relatively slow transition between the two regimes, while the growth of global GDP and the real effective exchange rate display relatively fast and more frequent transitions between the two regimes. It should also be noted that the -parameter indicates a halfway point between the expansionary and the contractionary phases of exports, with 0. 0779 for real exports.
12) The procedure for model selection between ESTAR and LSTAR suggested by Teräsvirta and Anderson (1992) is explained in more detail in Appendix2. 13) During the sample period 1994Q1-2016Q4, China's increased involvement in trade from the early 2000s caused dramatic changes in the dynamic pattern of Korean exports. However, our empirical model of Logistic STAR-VECM endogenously incorporates this dramatic effect in terms of regime shifting from a 'contractionary phase' to an 'expansionary phase' of exports. We estimate the conditional probability of export regime changes from contraction to expansion from 2001, when China joined the WTO. The probability of this regime shift continues above the 0.9 (or 90%) level from 2003, indicating that Korea's exports remain in an expansionary phase.
14) The -parameter will be infinity in the case of the Markow switching model, but the -parameter is zero in a linear model (or a simple VECM).
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Granger Causality and Cumulative Net Effects
Given the results of the STAR-VECM estimation in the previous section, we are interested in gauging the cumulative net effect to evaluate the total net effect of a Granger-causing variable on the Granger-caused variable.
In the STAR-VECM estimation results, we calculate the cumulative net effects as follows. That of    on    can be calculated by adding the coefficients in the estimation equation
Under the condition that    significantly Granger-causes Notes: The values in parentheses below the regression coefficients are the heteroskedasticity robust t-statistics; SER is the standard error of regression, and LLV the log likelihood value. *, **, and *** represent significant at 10%, 5%, and 1% level, respectively.
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as presented in Tables 5:   Table 5 
Ⅴ. Further Studies: Dynamic Momentum Effects on Korean Exports
Concerning the empirical results in the previous section, it is important to note that Korean exports reveal dynamic 'momentum properties' in its expansionary regimes. In this section we investigate further the dynamic behavior of Korean exports using nonlinear STAR models, by examining the characteristic roots derived from the estimations. The characteristic roots are computed from the following characteristic polynomial:
where the  's are the characteristic roots for the   order,    is a vector and that the STAR models well describe its asymmetric behavior.
The contractionary regime     includes explosive roots, thus indicating that exports appear to be less stable in their contractionary regimes. However, the expansionary regime     is more stable because it does not include explosive roots. Hence, once exports are in the expansionary regime they are more likely to remain there for a while, whereas they tend to pass through the contractionary regime quickly. This The 'momentum property' in the expansionary regime for exports can be visually seen in Figure 3 . If we take a look at graph a) in Figure Our estimation reveals asymmetries in the short-run relationships of Korea's exports to global GDP and to the exchange rate, between the contractionary and the expansionary export regimes, although their long-run relationships remain stable. More specifically, the positive effect of real global GDP on Korea's real exports is inelastic under contractionary regimes but changes to elastic under expansionary regimes. The effect of the real effective exchange rate on Korea's real exports is positive and inelastic during contractionary regimes, but negative and elastic in expansionary regimes. Since the effects of the two determinants on Korea's exports intensify under expansionary regimes, we call them the dynamic "momentum effects" on exports during their expansionary regimes. Our results suggest that the asymmetric properties of the relationships of Korea's exports to global GDP and to the exchange rate, depending on whether exports are in their contractionary or their expansionary regimes, should be taken into account in order to better understand and forecast the behavior of Korea's exports related to these factors. 
